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(54) Permsoloctive membrane module 

(57) Disclosed is a permsetectlve membrane mod- 
ule comprising i) two pBrmselectlve membrane ele- 
ments formed of hollow fibers arranged substantially In 
parallel and bundled together and 11) a container, the two 
elements being arranged in the container longitudinally 
of the hoBow fibers, wherein the respective elements 
comprise I) a food tuba disposed longitudinally of the 
hollow ftoers and ii) a hollow fiber bundle covering the 
outer surface of the teed tube, the feed lube having a 
number of holes therein, and the hollow fibers having 
one end dosed and the other end opened! wherein the 
feed tubes of tie two elements communicate with each 


other via a connecting lube to form a conduit having one 
end opened and the other end dosed, and wherein the 
container comprises I) an Inner wail surrounding the two 
elements with a space* U) a feed port provided at one 
end of the container in communication with the opened 
end of the conduit; ill) a permeate-tlquld out* et facing the 
open end of the hollow fiber bundle of each element and 
extending through the container waH and lv) a non-per- 
meated fluid discharge outlet communicating with the 
gap between the container and the outer surface of 
each element and extending through the container wall. 
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Description 

The present Invention concerns a permselectlve membrane module made of hollow fibers end used for desalina- 
tion. 

5 There are classified several types of permselectivo membranes according to the size of a substance to be sepa- 
rated. Examples of such membranes are ultraf liters or microliters for separating colloids, proteins or the like, nano-f li- 
ters for separating low molecular organic matters such as agricultural chemicals or the* liko, and reverse osmosis 
membranes used for separation of Ions, The reverse osmosis membranes are those used under a higher pressure than 
the osmotic pressure of liquid to be treated (hereinafter, liquid to be treated" Is referred to as lead liquid"). 

10 Th e membranes can also be dasslf ted Into flat typo, tubular type, spiral type and hollow fiber type In view of shape. 
Among them, the hollow fiber type can be used without support materials usually required in the flat type, the tubular 
type or the spiral type, and therefore the hollow ftoer type has a high efficiency of separation por unft volume. Thus, the 
hollow fiber type membranes are more suitable for membrane-separation. 

Explained herein Is a per mselective membrane module made of hollow fibers. Generally, the hollow fiber mem- 

1$ brono module comprises at least one element consisting of a winding, aggregate or the tike of parmselectlvB mem* 
branes and a pressure vessel for accommodating these elements. Usually, one or two elements are provided In the 
pressure vessel of the modulo. Particularly. In ease of producing a large volume of treated liquid, the module generally 
comprises two elements. 

In the case of using a winding or aggregate of permselectlve membranes of hollow ftoers. as the element it is nec- 

so essary to form on opening In either end of the element so as to collect permeate and discharge the water via the open- 
ing. Accordingly, considering the occurrence of pressure loss In a feed liquid In the pressure vassal, generally up to two 
elements are provided in the pressure vessel. The elements usually has an feed tube that Is Integrated with the central 
portion of the dement A number of holes are formed In the feed tube so as to distribute the feed liquid to reverse osmo- 
sis membranes of hollow fibers. These holes allow the feed liquid to flow within the pressure vessel. In the case of using 

23 an clement formed of the reverse osmosis membranes, the flowing direction or the feed liquid In the element much Influ- 
ences the separation properties of the reverse osmosis membranes. 

That Is, when the feed liquid flows only in one direction. I.e., flows radially outwardly of the element from the teed 
tube, the hollow fibers expand outwardly. By contrast when part of the feed liquid flows Into the food tube from the ele- 
ment the hollow fibers are inwardly compressed and aggregate densely. This phenomenon is called "nestling" that 

so Increases the pressure loss of the feed liquid and thereby lower the separation performance of the module. 

Japanese Unexamined Patent Application No. 507810/1933 (PCT/US92/08819) dsdosac o revorso osmosis 
membrane module of hollow fibers which can prevent the occurrence of nestling. 

The module disclosed therein has a double tubular structure wherein a feed tube of a first element is connected to 
that of a second element by a central connecter, and wherein a discharge tube of smaller cQametor Is provided In the 

05 feed tube of the second element 

More specifically, Japanese Unexamined Patent Application No. 507810/1993 discloses providing an opening in 
the outer surface of the central connecter between the feed tubes of the two elements, so that the opening may com- 
municate with the discharge tube. This double tubular structure enables the feed liquid to flow only In one direction In 
the element La„ radially outwardly of the element from the feed tube. 

40 However, the thus constructed reverse osmosis membrane module is likely to cause too much pressure loss due 
to the friction resistance generated on the tube Inner wall, since the module Is of a double tubular structure which further 
comprises a discharge pipe In the feed tube of the second element In addition, contracted flow is likely to occur when 
the feed liquid flows Into trie discharge pipe, which results In an increased pressure loss. 

Further, because of the double tubular structure, it is complicated to attach or replace tho element In the pressure 

45 vessel. ~ 

It is an object of the present Invention to provide a permsetecth/e membrane module which comprises two elements^ i 
of hollow fiber membranes and Is capable of reducing the pressure toss of a feed liquid to thereby Improve the separa-/ 
tion performance of the elements. 

The present Invention provides a parmsetectrve membrane module comprising I) two permsolocthro mombrane ele- 

50 meats formed of hollow fibers arranged substantially in parallel and bundled together and II) a container, the two ele- 
ments being arranged in the container longitudinally of the hollow fibers, wherein tho rocpoctJvo olomonts corrprise 1) a 
teed tube disposed longitudinally of the hollow fibers and 11) a hollow f bar bundle covering the outer surface of the feed 
tube, the feed tube having a number of holes therein, and the hollow fibers having one end closed and the other end 
opened, wherein the feed tubes of the two elements communicate with each other via a connecting tube to form a con- 

ss duit having one end opened end the other end closed, and wherein the container comprises 1} an Inner wall surrounding 
the two elements with a space, U) a feed port provided at one end of the container in communication with the opened 
end of the conduit III) a permoaUHIquld outlet facing the open end of the hollow fibs- bundle of each element and 
extending through the container wall, and iv) a non-permeated fluid discharge outlet communicating with the gap 
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between the container and the outer surface of each element and extending through the container wair. Accordingly, it 
1$ possible la produce a simplified membrane modulo at low cost which module Is capable of preventing tha pressure 
loss of feed liquid, thereby separating the food liquid efficiently. Further, slnco tho modulo does not have a double tubu- 
lar structure, it Is possible to prevent tho unwanted Increase of pressure loss. Furthermore, because of the simplified 

5 structure, it Is possible to readily monitor tho decrease of tha separation performance, etc* of the modulo, thereby read- 
ily controlling the quality of produced water. Still further, according to the present Invention, it Is possible not only to 
wash the element in a forward-direction {Le., radially outwardly of the element from tha feed tube), but also to wash tho 
element In a reverse direction washing {i.e.. In a direction from the outer side of the element to the teed tube], thereby 
Improving washing efficiency, 

to Tho present invention further provides a permsoloctlvo membrane module comprising i) two permselectJvo mem- 
brane elements formed of hollow fibers arranged substantially In parallel and bundled together and li) a container, the 
two elements being arranged in tho container longitudinally of the hollow fibers, 

wherein the respective elements comprise 1) a feed tube disposed longitudinally of the hollow fibers and li] a hol- 
low -fiber bundle covering the outer surface of the feed tube, the feed tube having a number of holes therein, and the 

ttf hollowfibers having one end dosed and the other end opened, 

wherein the feed tubes of the two elements have one end opened and the other end dosed, and 
wherein the container comprises 0 an inner wall surrounding the two elements with a space. H) a feed port pro- 
vided at one end of the container in communication with the opened end of the feed tube of one of the elements, iff) on 
Inner liquid receiving plate located between the two elements to collect the liquid not permeated through said one ele- 

so ments, iv) a connecting tube for connecting the Inner liquid receiving plate with the open end of the feed tube of tho 
other element v] a permeate-ilquid outlet lacing the open end of the hollow fibers of each element and extending 
through the container wall, and v) a non-permeated fluid discharge outlet communicating with the space between the 
container and the outer surface of the other element and extending through the container wall, thereby attaining the 
same advantages as described above. 

6 Preferably, the distance d between tho centerllne of tha discharge outlet and one end of tho membrane module is 
in the range of 0,1 m to 0,5 m. 

Preferably* tho distance d between the centerllne of tho discharge outlet end the opposite end of tho membrane 
module relative to the feed port Is In the range of 0,1 m to 0,6 ra 

30 Rg.1 be cross section schematically showing the membrane module of the first ernbocfiment of the present Inven- 
tion; 

Rg, 2 is a cross section schematically showing the membrane module of the second embodiment: end 
Rg, 3 Is a cross section schematically showing a prior art permselectivo membrane module. 

35 The preferred embodiments of the present Invention wfll be described below with reference to the accompanying 
drawings, but It is to be noted that the present invention is not necessarily restricted to the embodiments herein. 

Embodiment 1 

4P The first embodiment of the present invention will be described with reference to Rg. 1. Fig. 1 1s a schematic view 
of a permselective membrane module 1 of the first embodiment 

The module 1 of the first embodiment comprises first and second perms elective membrane elements 4. 4' made of 
follow fibers, each element being Inserted from the opposite ends of a cylindrical pressure vessel 2 and then longltudl* 
nafly aligned ouch that doftoetor blocks 8, 8* bo opposed to each other. An inner connecting tube 1 6 Is provided between 

<5 the del lector blocks 8, 8* of the elements 4. 4\ via the Inner connecting tube 1 6, feed tubes 5, S* of the first and second 
elements 4, 4* are connected at tie central portion at the cylindrical pressure vessel 2. Tho toed tubes 5. ST comprise 
a number of holes tor communicating tho food tubes with tho olomorrte 4, 4'. respectively. A plug 14* doses tho end of 
a tube sheet T of the feed tube sr of the second eloment 4'. Attached at the opposite ends of the cylindrical pressure 
vessel Z are support plates 9, 9* and end ptatos 10,1Q\ Tho respective components ore sealed with O-rtags 1 5 or the 

50 like. 

The feed liquid is fed via o fluid Inlet 3 Into tho food tube S of tho first elomont 4, As described* the food tube 5 Is 
connected to the feed tube 5* of the second element 4* by the inner connecting tube 1 5 so that the toed liquid also flows 
Into the feed tube 5*. One end of the feed tube 5' is sealed by a plug 14, so that the feed Bquidftowed Into the feed tubes 
5, 5* flows out toward the elements 4 t 4* via their holes, i.e.. flows radially outwardly of the hollow f bar layers 8. 6*. When 
S3 the feed Squid passes through the hollow fiber layers 6, 6*. only purified water selectively permeates the hollow fibers 
because of the perrnselectlve properties of tha hollow fiber layers 6. 6*. After passing therethrough, tha permeate purl* 
fled water flows out of the hollow fibers through the tube sheets 7. 7\ Then, the purified water is collected by support 
plates 9, 9* and discharged from the pressure vessel via fluid outlets 11,11*. 
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On the oiher hand, the non-permeated liquid posses through a gap 12 between the cylindrical pressure vassal 2 
and the two olomonte 4, 4* and Is then discharged out of the pressure vessel via a discharge outlet port 13. 

As described, according to the hollow fiber membrane modulo i ot the first embodiment the feed liquid In the mod- 
ule flows only radially outwardly of the elements 4. 4 # from the feed tubes 5, S' to tho dements 4, A\ and the non-per* 
$ meaied liquid Is discharged from the discharge outlet port 13 provided In the side face of 1he cylindrical pressure vessel 
2. 

According to the hollow fiber membrane module 1 of the present first embodiment it is possible to prevent tho 
Increase of pressure toss In the module which loss Is caused by the dense formation (nestling) of hollow ftoer mem- 
branes because the feed fluid flows from Inside to outsido the elements 4 f 4\ Further, the feed tube 5" of the second 
to aloment 4' does not employ double tubular structure, which also contributes to tho prevention ot the Increased pressure 
loss In the module* Accordingly, it Is possible to separate feed liquid more efficiently as compared wfih prior art permse- 
ledfve membrane modules of hollow fibers. 

Further, according to the first embodfment in washing the module, it is possible not only to wash the element In a 
forward-direction (l.a. radially outwardly of the element from the feed tube), but also to wash the element In a reverse 
ttf direction washing (La. in a direction from the outer side of the element to the feed tube). 

Further, it is possible to reduce the production cost because ot the simplified modulo structure and also to readily 
monitor the reduction of tho performance, etc of tho module because of the simple flow of a tood liquid, thereby readily 
controlling the quality of produced water. 

Considering the operational efficiency of the installation or the maintenance of the module, the discharge outlet is 
so preferably located such that the distance d, l,e^ the distance between the end of the cylindrical pressure vessel and the 
certterllne of the discharge outlet be In the range of cu m to 0.6 m, more preferably 0.2 m to 0.4 n% 

Trie reason tor 0 1 m a d Is as follows. That is, a tube sheet ring is located 0.1 m or less distant from the opposite 
ends of the pressure vessel to hold the open end of the hollow fiber membranes. Accordingly, if 0.1 m > d. It becomes 
difficult to provide the sheet ring in the pressure vessel. 
& Further, the reason for d £ 0.6 m Is that if d > 0.6 m, ft becomes difficult to attach the module and also ct is hard to 
purge suspended materials because of too large a dead space generated. Therefore. It is difficult to fully discharge non- 
permeated liquid. 

Embodiment 2 

30 

Tho second embodiment ot the present Invention will be described with reference to Fig. 2. Fig. 2 schematically 
shows a permseloetlve membrane module 21 ot hollow fibers according to the present embodiment The same parts 
os m the previous embodiment ore denoted by the same reference numerate, and tho explanations therefor are omitted. 

The module Zt of the second embodiment employs the following features in the module at the first embodiment 
05 that is, one end of the feed tube 5 of the first element 4 is sealed with a deflector block e. Further, the second embodi- 
ment employs an inner support plate 22 that is provided between the first end second elements 4, 4' In Beu of the inner 
connecting pipe 1 6, so that the Inner support plate 22 is connected to the feed ufee 5* by en Inner connecting tube 23. 

The feed liquid is fed Into the feed tube 5 of the first element 4 via the feed port 3. Since one end of the feed tube 
5 Is dosed by the deflector block 8. the toed liquid flowed into the feed tube 5 Hows out toward the element 4 via Its holes 
do and passes through the hollowftoer layer 6 radially outwardly. When the feed liquid passes through the hollow fiber layer 
6. only purified water selectively permeates the hoflow ftoors due to the permselective properties of the hollow fibers. 
The permeate purified water flows out of the hollow fibers from the tube sheet 7. Then, the purif led water Is collected 
by the tube sheet 7 and discharged via the liquid outlet 11. 

On the other hand, the non-permeated liquid passes through the gap 12 between the cylindrical pressure vessel 2 
40 and the first element 4 and is collected by the Inner support plate 22. Then the liquid is fed into the feed tube 5* of the 
second element 4? via the inner connecting pipe 23. One end of tho food tube 5* Is sealed with the plug 14. so that tho 
feed liquid flows out toward the element 4' via Its holes and passes through tho hollow ftoer layer 6\ Only the purified 
water selectively permeates the hollow fibers and flows out of the element 4' through the tube sheet r. Then, the puri- 
fied water is ccfleeted by tho support plate 9' and discharged out of the pressure vessel via the liquid outlet port 11 \ 
so The liquid not permeated through the element 4* passes through the gap 12* between the cylindrical pressure ves- 
sel Z and tho second element 4* and Is then efischarged via the discharge outlet port 13. 

Thus, according to the hollow fiber membrane module 21 of tho second embodiment as In the previous embodi- 
ment the feed liquid flows only In one direction. I.e.. radially outwardly of fee elements from the feed tubes 5. S* in the 
module, and the non-permeated liquid Is discharged through tho discharge outlet port 13 that is provided In one side of 
68 the cylindrical pressure vessel 2. 

Accordingly, the hollow fiber membrane module 21 of the present embodiment can attain the same advantages as 
those of the first embodiment 

In the above-mentioned embodiments, tho material for the permselecthre membrane made of hollow fibers is not 
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limited spedflcatly, but may be any material such as acetylceftulose. cellulose triacetate, aromatic polyamlde, cro^- 
ilnked polyarrtde, polyethylene, polyethylene terephthalate. and polystyrene. 

Further, the feed liquid te not spectf leally limited, but the present invention can also be applied to, lor example, sea 
water, affusion, river water, wall water, ground water, service water, condensed effluent from chemical factories ate and 
s the like, 

u Further more, the material for the cylindrical pressure vessel, which accommodates the hollow f Ibor membrane ele- 
3 ments, fc not limited specifically, but may be any material such as FRP, stool and tough hardened fiber products so Jong 
i as it has a high pressure resistance end Is tree of liquid leakage after being molded. ^ 

io test Examples 

Described below Is the tost results using the hollow fiber membrano modules i and Zi of the first and second 
embodiments. 

is Example 1 

Example 1 was conducted to evaluate the separation performance of the hollow fiber membrane module 1 of the 
first embodiment 

so Example V(1) 

In Example VP), affusion was used as a feed liquid. The operating conditions were that the pressure applied was 
30 kg/cm 2 , and the recovery ratio was 7S %. 

The test results of Example Hi) Is shown In Table 1 below, 

as 


Table 1 



Permeate Flux (rrP/dOy) 

Differential Pressure 
(kg/cm 2 ) 

Example 1*{1] 

83 

0.13 

Example 2-(i) 

7S 

0.18 

Comp. Exmp. 

69 

0.19 

Example 

54 

0.30 

Example 2*[2) 

49 

0,35 

Comp, Exmp. 1 -[2) 

4$ 

0.47 


40 

As seen from Table 1. the differential pressure In Example 1-Cl) was low, i.e.. 0.13 kg/cm 2 , and the permeate flux 
through the module was 83 m 3 /day, which moans that the membrane separation was conducted efficiently. 

Example 

in Exompto l-(2), sea water was used as e feed liquid. The operating conditions were that the feed pressure was 
SS kg/cm 2 , and the recovery ratto was 30 The test results of Example i •(! ) fe shown together In Table 1 . 

As seen from Table 1 , the differential pressure In Example i-(2) was low. I.e., 030 kg/cm 2 , end the permeate flux 
through the module was 54 rn 3 /day, which means that the membrane separation was conducted off iciontly. 

so 

Example 2 

•Example 2 was conducted to evaluate the separation performance of the permsetectlve membrane module 21 of 
the first embodiment 

55 

Example 2-(1) 

In Example 2*{1). affusion was used as a feed liquid. Th e operating conditions were that the food pressure was 30 
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kg/cm 2 , and the recovery ratio was 75 

The test results of Example 1 •(! ) are shown together In Table 1 below. 

As seen from Table 1, in Example 2-(1)„ the differential pressure was low, i.e.. 0.18 kg/cm 2 and the permeate flux 
through the module was 75 m 3 /day, which chow* that tho mcmbmno separation was conducted efficiently. 

5 

Example 2-(2) 

in Example 2-{2). sea water was used as a feed liquid. The operating conditions were that the feed pressure was 
55 kg/crn 2 . and the recovery ratio was 30 The test results of example 2-(2) are shown together In Table 1 * 
10 As seen from Tabic 1 . the differential pressure in Example 2-(2) was low. i.e.. 0.35 kg/cm 2 , and the permeate flux 
through the module was 49 m 3 /day. which means that membrane separation was conducted efficiently. 

Comparative Tost Examplo 1 

IB Explained first referring to Fig. 3 is a hollow fiber membrane module 1 01 used in Comparative Test Examples, 

The module 101 has first and second hollow fiber membrane elements 4, 4* which are inserted longitudinally, such 
that tho deflector blocks 8. 8' of tho first and second membrane elements 4. 4 r face each other. The teed tubes 5, 5* of 
the respective elements 4, 4* of are located separate from each other. 

The feed liquid te fed into the feed tube 5 of the first element 4 via the feed port 3. Since one end of the feed tube 
so S Is dosed by the deflector block 8, the feed liquid flowed Into the feed tube B flows out toward the clement 4 via the 
holes and passes through the hollow fiber layer 6 radially outwardly. When the feed liquid passes through the hoflow 
fiber layer 6, only purified water selectively permeates the hollow fibers. The permeate purified water flows out of the 
hollow libers from the tube sheet 7, Then, the purified water Is collected by the tube sheet 7 end discharged via the liq- 
uid outlet 11. 

25 On the other hand, the liquid not permeated through the element 1 04 passes through the gap 12 between the cylin- 
drical pressure vessel 2 and the first and second elements 4< 4* and is fed from outside of the second element 4\ Then 
the liquid flows radtatry Inwardly of the hollow fiber membrane 6' Into the feed tube 5*. 

During the process, only the purified water selectively permeates the hollow fibers and flows out of tho element 4* 
through the tube sheet 7\ Then, the purified water Is collected by the support plate 9* and discharged out of the pres- 
30 sure vessel via the liquid outlet 3*. On the other hand, the non-permeated fiquld flowed into the feed tube 5* Is dis- 
charged via tho discharge outlet port 13. 

Explained below Is tho test results obtained using the prior art perms el active membrane module 1 01 made of hot* 
low fibers. 

as Comparative Test Example 1 -{1 J 

In Comparative Test Example 1*(1). affusion was used as a food liquid. The operating conditions were that the feed 
pressure was 30 kg/cm 2 , and the recovery ratio was 75 %. 

The test results of Comparative Test Example Hi ) are shown In Table 1 . 
40 The prior art hoUow fiber membrane modules are compact, but have the disadvantages that the differential pres- 
sure was large. I.e. . 0. 1 8 kg/cm 2 , and the amount of liquid permeated through the modulo was smelt, i.e M 69 m^ay; as 
compared with Examples and 2-0) conducted under the same operating conditions. ItwiB be appreciated from 
the results that the feed liquid was not efttdentiy separated with the prior art module. This may be that since the feed 
liquid in the second element flows radially Inwardly from the outside of the element which causes nestling and thereby 
43 generating pressure loss, 

Comparative Test Example 1-(Z) 

In Comparative Test Example HZ], sea water Is used as a feed liquid. The operating conditions were that the feed 
50 pressure was 55 kg/cm*, and the recovery ratio was 30 %. 

The test results of Comparative Test Example 1-{2) are shown In Table 1 . 

As seen from Table 1, the differential pressure was targe. I.e.. 0.47 kg/cm 2 and the permeate flux was small, i.e., 
45 rrrVday, as compared whh Examples 1-12] and 2.(2) which were carried out In the same test conditions. It will be 
appreciated from the results that the feed liquid was not efficiently separated as In Comparative Tost Example 1-fl). 

65 

Palms 

1 . A permselectivo membrane module comprising I) two permselectlve membrane elements farmed of hollow fibers 
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enanged substantially In parallel and bundled together and II) a container, the two elements being arranged In the 
container longitudinally at the hollow fibers. 

wherein the respective elements comprise 0 a feed tube disposed longitudinally of tho hollow fibers and I!) 
a hollow fiber bundle covering the outer surface of the feed tube, the feed tube having a number of holes therein, 
5 and the hollow fibers having one end closed and the other end cponod. 

wherein the feed tubas of the two elements eommunicato with each other via a connecting tube to form a 
conduit having one end opened ond tho other end dosed, 
and 

wherein the container comprises I] an Inner wall surrounding the two elements with a space. (0 a feed port 
w provided at one end of the container in communication with tho opened end of the conduit lii) a permeate-Squld 
outlet lacing the open end of the hotlow fiber bundle of each element and extending through the container wall, and 
fv) a non-permeated fluid discharge outlet communicating with the gap between the container and tine outer surface 
of each element and extending through the container wall. 

is 2. A permsejectlve membrane module comprising I) two pormeofocUve membrane elements formed of hotow fibers 
arranged substantially in parallel and bundled together and if) a container, the two elements being arranged In the 
container longitudinally of tho hollow fibers, 

wherein the respective elements comprise i) a feed tube disposed longitudinally of the hollow fibers and If) 
a hollow fber bundle covering the outer surface of the feed tube, the feed tube having a number of holes therein. 
so and the hoi low fibers having one end dosed and the other end opened. 

wherein the feed tubes of the two elements have one end opened and the other end dosed, and 
wherein the container comprises I) an Inner wall surrounding the two elements with a space, li) a feed port 
provided at one end of the container in communication with the opened end of the feed tube of one of the elements. 
Ifl) an Inner Bqutt receiving plate located between the two elements to collect the liquid not permeated through said 
one elements, iv) a connecting tube for connecting the inner liquid receiving ploto with the open end of the feed tube 
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